Introduction
The dense fibres are the dominant feature of the tail of the spermatozoon although their role is un¬ known (Fawcett, 1975) . In the rat, the fibres consist of a thin cortical layer and a thick medulla. The cortex appears to be highly ordered in whole mounts (Woolley, 1971) , in replicae of critical pointdried spermatozoa (Olson, 1973) and in thin sections (Phillips, 1975) . Woolley (1971) and Phillips & Olson (1975) have described oblique striations of the cortex of the dense fibres in specimens of rat spermatozoa subjected to dehydration and desiccation. We have now studied the dense fibres of rat spermatozoa by a freeze-etching technique which eliminates such artefacts.
Materials and Methods
Adult male Wistar rats (2 months old) were used. The animals were killed by decapitation or by exposure to ether vapour. The cauda or caput epididymidis was gently minced at 0-4°C with a razor blade and spermatozoa were expressed into phosphate-buffered saline (PBS), pH 7-6, containing 8 mM-phosphate buffer and 145 mM-NaCl. The spermatozoa were then pelleted by centrifugation at 1500 g for 5 min at 22°C and partly resuspended in a few drops of PBS at 0-4°C before 1 -2 µ droplets were taken out and frozen for freeze-etching as described by Southworth, Fisher & Branton (1975) . Some sperm pellets were resuspended in 10 ml of a buffer at pH 9-0 containing 0-5 % Triton X-100, 100 mM-NaCl, 5 mM-MgCl2, 2 iriM-dithiothreitol, 1 mM-ATP and 20 mM-Tris (Olson & Linck, 1977) and incubated for 30 min at 0-4°C. The spermatozoa were then pelleted at 1500g for 5 min at 22°C and the pellet was washed twice in 10 ml PBS before freezing for freeze-etching. Some samples were fixed in 2 % vacuum-distilled glutaraldehyde in PBS for 30 min at 2°C before freezing. The freeze-etching was carried out with the unit described by Elgsaeter (1978 Fig. 5 ). The Triton X-100 solution with dithiothreitol and ATP gave rise to a partial breakdown of the spermatozoa. At the light microscope level there was a fraying of the sperm tail with an extrusion of fibres from the lumen of the fibrous sheath. Freeze-etch electron microscopy of these samples confirmed that the fibres seen in the light microscope were the dense fibres and that they were separated from the rest of the tail. A large number of extended surface views of the dense fibres was therefore seen in specimens treated with Triton X-100, dithiothreitol and ATP, but such views were rarely seen when Triton X-100 was not used.
The period of the main striations, measured perpendicularly to the structures, was found to be 40 nm, and that of the minor striations was about 20 nm. The presence of a major and a minor period¬ icity on the dense fibre, the one having a period twice that of the other, is also indicated by the optical diffraction pattern (PL 2, Fig. 5) . Any difference in the periodicity of the unfixed fibre shown in PL 1, Fig. 1 , and the detergent-treated and fixed fibre shown in PL 2, Fig. 5 was less than 2-3 %. No periodic structures were observed in cross-or longitudinal-fracture planes through the medulla. In some crossfractures of the dense fibres globular subunits, with a diameter of about 19 nm, could be seen on the cortex (PL 2, Fig. 4) .
The striations described are similar to and have the same direction of obliqueness as those observed by Woolley (1971) , who reported a periodicity of 39-8 nm for the dense fibres of rat spermatozoa. Woolley (1971 ) The shadow direction is from bottom to top and the shadows are white. for 1 min at 1 IO"6 Torr. x43 700. Fig. 3 . Unfixed rat spermatozoon in PBS isolated from the cauda epididymidis. Cross-fracture through the sperm midpiece. Etching at -98°C for 1 min at 1 IO-6 Torr. x51 300. Fig. 4 . Unfixed rat spermatozoon in PBS isolated from the cauda epididymidis. Cross-fracture through the sperm midpiece showing the globular structures at the dense fibre medulla (arrow). Etching at -98°C for 1 min at 1 10-" Torr. x41 400. Fig. 5 . Rat spermatozoon isolated from the cauda epididymidis. Etched surface of the dense fibres after extraction with Triton X-100 and fixation in 2% glutaraldehyde. The optical diffraction pattern is that obtained from the area indicated by the rectangle. Etching at -102°C for I min at 1 10~6 Torr. x53 000.
